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Introduction

Septic shock is the most common cause of death in intensive 
care units with a mortality rate as high as 40–60% (1).  
Much of the associated mortality and morbidity is due 
to refractory hypotension and cardiovascular collapse. 
Catecholamines such as norepinephrine, epinephrine, 

and dopamine are effective in maintaining mean arterial 
pressure (MAP), but may also decrease cardiac output, 
oxygen delivery, and blood flow to vital organs (2).

Glucose-insulin-potassium (GIK) has been shown to 
improve myocardial perfusion and left ventricular function 
by providing metabolic support and preventing ischemia-
related metabolic abnormalities (3-6). Although a number 
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of clinical trials on GIK use in patients with acute coronary 
syndrome has shown variable results (7,8), a recent study 
revealed a decrease in the composite outcome of cardiac 
arrest or mortality and infarct size in patients administered 
GIK early in out-of-hospital acute coronary syndrome (9).

One of the manifestations of cardiovascular dysfunction 
in septic shock is septic myocardial depression. It is usually 
a reversible phenomenon caused by myocardial depressant 
factors and inefficient metabolism rather than myocardial 
hypoperfusion (10). The cardioprotective effects of GIK 
may be beneficial in this situation and are primarily via 
insulin, resulting in more efficient myocardial metabolism 
and an anti-inflammatory effect. Several studies have 
reported the use of GIK in septic myocardial depression 
(11-13); however, the mechanism of GIK in improving 
hemodynamics remained unclear. We hypothesized that 
septic shock with myocardial depression would differ from 
one without, and the cardioprotective action of insulin may 
improve hemodynamics in septic shock with myocardial 
depression. The aim of this study was to (I) compare the 
baseline characteristics and changes of hemodynamic 
outcomes; and (II) examine the relationship between insulin 
and hemodynamic outcomes in GIK-treated patients with 
or without septic myocardial depression.

Methods

Study design and data collection

In our institution, a GIK protocol was employed in patients 
with severe sepsis/septic shock (14), heart failure, and other 
inflammatory conditions between October 2012 and March 
2014. In this retrospective cohort study, patients with severe 
sepsis or septic shock that were admitted to the intensive 
care unit with refractory shock and treated with GIK 
were included. Patients were divided into hypodynamic 
and non-hypodynamic septic shock groups according to 
echocardiographic findings. Hypodynamic septic shock 
was characterized by decreased heart function and MAP 
despite a positive fluid balance and use of vasopressors 
(12,13). In this study, heart function was measured with 
echocardiograms rather than with invasive hemodynamic 
monitoring, as invasive hemodynamic monitoring is not 
routinely used for these patients in current practice (15). 
Baseline demographic and clinical characteristics were 
collected and included demographic factors, comorbidities, 
causes of sepsis, vital signs, laboratory data before GIK 
infusion, types of vasopressors, and infusion rates. The 

study outcomes included: serial changes of MAP and the 
heart rate (HR) during the 72-h study period; correlation 
between the insulin dose in GIK and improvement in 
MAP and the cardiovascular Sequential Organ Failure 
Assessment (SOFA) score (16) at 72 h compared with 
baseline (Δ MAP and cardiovascular Δ SOFA, respectively); 
success rate of weaning of the vasopressor; vasopressor-
free days; ventilator-free days; and mortality. To assess the 
safety of GIK infusions, we determined any possible GIK-
related adverse events and reviewed serum concentrations 
of glucose and potassium at baseline, day 2, and day 3 
of treatment. The study protocol was approved by the 
institutional review board of the Asan Medical Center 
(No. 2015-0092) and informed consent required from each 
patient was waived due to the retrospective nature of the 
study.

Patient exclusion criteria

The exclusion criteria were as follows: irreversible state 
such as fulminant hepatic failure with no planned liver 
transplantation; do not resuscitate order; death within 
24 h of receiving GIK infusion; concurrent heart failure 
(New York Heart Association class III or IV) with shock; or 
cases in which the efficacy of GIK infusion was difficult to 
determine such as GIK infusion more than 72 h after the 
onset of shock.

GIK infusion protocol

Therapy with GIK was initiated in patients with severe septic 
shock who required high-dose vasopressor therapy such as 
norepinephrine (≥0.2 µg/kg/min) and vasopressin (≥0.01 U/min)  
despite adequate fluid resuscitation. The intravenous 
GIK solution consisted of 30% glucose (300 g/L),  
50 U/L of regular insulin, and 80 mEq/L of KCl/L (9). 
The protocol was to administer GIK intravenously at  
1.5 mL/kg/h for the first 72 h and maintain infusion at  
40 mL/h until disease improvement or death of the patient. 
In patients with acute kidney injury (F-failure, L-loss of 
kidney function, or E-end-stage renal failure of RIFLE 
criteria) (17) or liver cirrhosis, GIK was administered at  
40 mL/h for the first 24 h, and if tolerated, the infusion rate 
was increased to 1.5 mL/kg/h. Serum glucose was measured 
every 2 h, and an additional regular insulin infusion was 
maintained at 150–180 mg/dL. Serum potassium was measured 
as needed to maintain a concentration of 3.5–5.5 mEq/L.  
If available, an echocardiogram was used to identify and 
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follow the progression of septic myocardial depression (18).

Definitions

An immunosuppressive condition was diagnosed if there was 
an underlying disease that affected the immune system such 
as hematologic malignancy or if immunosuppressive therapy 
was being administered (e.g., chemotherapy, radiotherapy, 
steroid, and other immunosuppressants). Empirical therapy 
was considered to have been appropriate if at least one 
effective antimicrobial was included in the initial antibiotic 
therapy. The severity of illness was assessed by the Acute 
Physiology and Chronic Health Evaluation II score (19) and 
SOFA score, excluding the neurology component from the 
SOFA score as it was difficult to analyze during anesthesia 
and/or sedation (16,20). The inotropic score was calculated 
as [dopamine dose (µg/kg/min)] + [dobutamine dose  
(µg/kg/min)] + [100× epinephrine dose (µg/kg/min)] + [100× 
norepinephrine dose (µg/kg/min)] + [100× phenylephrine 
dose (µg/kg/min)] (21). The vasopressor dependency index 
was calculated as the ratio of inotropic score to MAP (22). 
Success of vasopressor weaning was defined as the ability 
of the patient to maintain normal pressure for 48 h without 
any vasopressor support. Echocardiographic findings of 
septic myocardial dysfunction included left ventricular, right 
ventricular, or biventricular dilation and depression (18).

Statistical analysis

Continuous variables are presented as medians and 
interquartile ranges (IQRs), and were compared with the 
Mann-Whitney U test. Categorical variables are presented as 
percentages of patients and were compared by the chi-square  
or Fisher’s exact test. For multiple comparisons, the areas 
under the curve relative to baseline values for continuous 
variables with repeated measurements were calculated and 
compared between the two groups with the Mann-Whitney 
U test as previously described (23). The linear relationship 
between two variables was assessed by Spearman’s 
correlation coefficient. All tests of significance reported 
were two tailed, and a P value less than 0.05 was considered 
significant. Statistical analyses were performed using SPSS 
version 22.0K for Windows (SPSS Inc., Chicago, IL, USA).

Results

During the study period, 63 patients fulfilled the inclusion 
criteria. Following exclusion of 18 patients, there were 

45 septic shock patients remaining that underwent GIK 
treatment. Prior to GIK infusion, an echocardiogram was 
performed in 33 of 45 (73%) patients. Hypodynamic septic 
shock was identified in 12 patients with an echocardiographic 
finding of septic myocardial depression (see supplementary 
append i x  on l ine  fo r  fu r the r  de t a i l s ,  Tab l e  S1 ) ,  
and non-hypodynamic septic shock was identified in 16 
patients with a normal echocardiogram. Five patients 
were excluded from the analysis due to chronic cardiac 
dysfunction (Figure 1).

Baseline characteristics

Baseline characteristics of the study patients are shown in 
Table 1. Patients in the non-hypodynamic were older and 
comprised more males than in the hypodynamic group, 
although this was not statistically significant. There were 
no differences between the two groups with regard to 
comorbidities, with the exception that immunosuppressive 
conditions were more frequently observed in patients 
in the hypodynamic group than in patients in the non-
hypodynamic group (75% vs. 44%, respectively; P=0.10). 
Septic shock was primarily due to pneumonia in 42% (5/12) 
of patients in the hypodynamic group and 50% (8/16) of 
patients in the non-hypodynamic group (P=0.66). There 
was no significant difference between the groups in regard 
to the isolation of Gram-negative and Gram-positive 
bacteria. Appropriate antibiotic therapy was administered 
to all patients in both groups. The median (IQR) MAP 
was 69 [60–70] mmHg for the hypodynamic group and  
78 [70–88] mmHg for the non-hypodynamic group (P=0.08). 
The median (IQR) HR was 129 [117–138]/min for the 
hypodynamic group and 95 [82–104]/min for the non-
hypodynamic group (P<0.001). There were no significant 
differences between the two groups with regard to other 
vital signs, laboratory data, and severity scores. Fluid 
therapy and mechanical ventilation was not found to differ 
between the hypodynamic group and the non-hypodynamic 
group.

Baseline vasopressor requirements of the study patients 
are depicted in Table 2. In both groups, all patients required 
norepinephrine prior to GIK infusion with a median rate of 
0.29 µg/kg/min in both groups (P=0.76). Vasopressin and 
hydrocortisone were administered to approximately half 
of the patients in each group. The median (IQR) inotropic 
score and the median (IQR) vasopressor dependency index 
were similar between the two groups [34.0 (18.0–57.0) vs. 
29.0 (18.0–47.0), P=0.69; and 5.0 (2.4–8.2) vs. 3.7 (2.3–6.4), 
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P=0.49, respectively].

Changes of hemodynamic outcomes

In 45 patients, the median (IQR) duration from the onset 
of shock to GIK administration was 14 [7–22] h, and the 
median (IQR) duration of GIK infusion was 70 [36–130] h.  
The median (IQR) total  insulin dose at 72 h was  
142 [97–351] U/L. The changes of hemodynamic outcomes 
during the 72-h study period are shown in Figure 2. MAP 
significantly increased in the hypodynamic group with the 
median (IQR) area under the curve of 16 (8 to 29) mmHg 
compared with 2 (−6 to 10) mmHg in the non-hypodynamic 
group (P=0.003). Conversely, HR decreased in the 
hypodynamic group with the median (IQR) area under the 
curve of −9 (−20 to 2)/min compared with 1 (−8 to 16)/min 

in the non-hypodynamic group, although this did not reach 
statistical significance (P=0.13).

Insulin: relation with hemodynamics

Figure 3 shows the correlation between the total insulin 
dose and hemodynamic outcomes. Total insulin dose was 
observed to correlate with an improvement in MAP at 72 h 
(Δ MAP) (r=0.61, P=0.061) and in the cardiovascular SOFA 
score at 72 h (cardiovascular Δ SOFA) (r=−0.64, P=0.045) 
in the hypodynamic group but not in the non-hypodynamic 
group.

Other outcomes

The secondary outcomes of the study group are described in 

109 patients were assessed for eligibility 

63 considered eligible

45 septic shock patients with GIK therapy 

28 patients

12 patients

Hypodynamic septic shock with 
abnormal echocardiogram

16 patients

Non-hypodynamic septic shock 
with normal echocardiogram

46 patients with GIK infusion comprising:
Severe sepsis not requiring vasopressors (n=12)
Heart failure (n=11)
Inflammatory conditions (n=16)

Interstitial lung disease (n=6)
Critical illness polyneuropathy (n=2)
Post lung transplantation (n=8)

Others (n=7)

18 patients were excluded due to:
Irreversible state (n=2)
Death <24 h after GIK infusion (n=3)
Do not resuscitate order (n=2)
Heart failure (NYHA III/IV) and shock (n=2) 
GIK infusion >72 h after shock (n=9)

17 patients were excluded due to:
No echocardiogram (n=12)
Acute RV dysfunction due to pulmonary embolism (n=1)
Systolic dysfunction due to previous ischemia (n=2)
Previous diastolic heart failure (n=1)
Chronic RV dysfunction with RV thickening (n=1)

Figure 1 Disposition of patients with hypodynamic and non-hypodynamic septic shock by echocardiogram treated with glucose-insulin-
potassium. GIK, glucose-insulin-potassium; NYHA, New York Heart Association; RV, right ventricular.
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Table 1 Baseline patient characteristics prior to GIK infusion

Variable All patients (n=45) Hypodynamic (n=12) Non-hypodynamic (n=16) P

Age, years 65 [55–74] 55 [45–67] 66 [59–76] 0.09

Gender, male 29 (64%) 5 (42%) 12 (75%) 0.12

Body mass index, kg/m2 21 [20–24] 20 [19–21] 21 [19–23] 0.68

Comorbidity

Diabetes 14 (31%) 3 (25%) 4 (25%) >0.99

Hypertension 21 (47%) 4 (33%) 9 (56%) 0.23

Chronic kidney disease 5 (11%) 1 (8%) 3 (19%) 0.61

Liver cirrhosis 10 (22%) 1 (8%) 4 (25%) 0.36

Solid cancer 13 (29%) 2 (17%) 6 (38%) 0.40

Hematologic malignancy 7 (16%) 4 (33%) 2 (13%) 0.35

Immunosuppressive condition 23 (51%) 9 (75%) 7 (44%) 0.10

Pneumonia 21 (47%) 5 (42%) 8 (50%) 0.66

Gram-negative bacteria 20 (44%) 4/9 (44%) 6/9 (67%) 0.64

Gram-positive bacteria 10 (22%) 3/9 (33%) 5/9 (56%) 0.64

Adequate empirical antibiotic therapy 28/30 (93%) 9/9 (100%) 9/9 (100%)

Vital signs and laboratory data

Mean arterial pressure, mmHg 63 [56–70] 69 [60–70] 78 [70–88] 0.08

Heart rate, /min 122 [99–131] 129 [117–138] 95 [82–104] <0.001

PaO2/FiO2 144 [89–211] 141 [91–217] 158 [87–217] 0.85

pH 7.31 (7.25–7.41) 7.28 (7.22–7.43) 7.33 (7.28–7.36) 0.50

Creatinine, mg/dL 1.6 (1.0–2.3) 1.5 (0.9–2.6) 1.7 (1.1–2.2) 0.78

Lactate, mmol/L 2.5 (1.5–4.8) 2.8 (1.9–4.6) 3.0 (2.0–5.4) 0.68

APACHE II score 29 [23–34] 29 [26–31] 32 [26–35] 0.33

SOFA score* 11 [8–12] 11 [9–11] 11 [10–14] 0.31

SOFA cardiovascular 4 (4–4) 4 (4–4) 4 (4–4) 0.70

Mechanical ventilation 31 (69%) 8 (67%) 13 (81%) 0.42

Fluid therapy (initial 24 h), L 4.0 (2.4–4.7) 3.7 (1.9–6.2) 4.4 (3.7–6.1) 0.46

Data are presented as the median (interquartile range) or number (percentage) of patients. *, SOFA score excluding the neurologic 
component. GIK, glucose-insulin-potassium; PaO2, partial pressure of arterial oxygen; FiO2, fraction of inspired oxygen; APACHE, Acute 
Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment.

Table 3. There were no significant differences between the 
two groups in regard to weaning outcomes and mortality.

Safety assessment

Table 4 shows serum glucose and potassium monitoring 

of the study patients. A higher baseline serum glucose 
was observed in the hypodynamic group than in the non-
hypodynamic group, although this was not statistically 
significant. During the 72-h study period, the median serum 
glucose was observed to gradually decrease in both groups. 
A significant increase in the median (IQR) serum potassium 
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Table 2 Baseline vasopressor requirements prior to GIK infusion

Variable All patients (n=45) Hypodynamic (n=12) Non-hypodynamic (n=16) P

Vasopressor type and infusion rate

Norepinephrine

No. 45 (100%) 12 (100%) 16 (100%)

µg/kg/min 0.28 (0.13–0.40) 0.29 (0.14–0.40) 0.29 (0.18–0.40) 0.76

Vasopressin

No. 25 (56%) 7 (58%) 10 (63%) >0.99

U/min 0.02 (0.02–0.04) 0.02 (0.02–0.04) 0.03 (0.02–0.04) 0.57

Epinephrine

No. 6 (13%) 4 (33%) 2 (13%) 0.35

µg/kg/min 0.16 (0.12–0.16) 0.16 (0.10–0.18) 0.14 (0.12–0.16) 0.62

Dobutamine

No. 7 (16%) 4 (33%) 2 (13%) 0.35

µg/kg/min 8 [5–10] 8 [5–13] 6 [3–8] 0.35

Hydrocortisone 18 (40%) 6 (50%) 8 (50%) >0.99

Inotropic score 28.0 (14.0–46.0) 34.0 (18.0–57.0) 29.0 (18.0–47.0) 0.69

Vasopressor dependency index, /mmHg 3.5 (1.9–5.9) 5.0 (2.4–8.2) 3.7 (2.3–6.4) 0.49

Data are presented as the median (interquartile range) or number (percentage) of patients. GIK, glucose-insulin-potassium.

Figure 2 Hemodynamic outcomes during the 72-h study period. For multiple comparisons, the median (interquartile range) AUCs for 
continuous variables with repeated measurements were calculated. AUC, area under the curve; MAP, mean arterial pressure; HR, heart rate.
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Figure 3 Correlation between total insulin dose from baseline to day 3 and hemodynamic outcomes. MAP, mean arterial pressure; SOFA, 
Sequential Organ Failure Assessment; Δ MAP, 72 h MAP: baseline MAP; Δ SOFA, 72 h SOFA: baseline SOFA.
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Table 3 Weaning outcomes and mortality rate of the study patients

Variable All patients Hypodynamic Non-hypodynamic P

Weaning outcomes

Total 45 12 16

Vasopressor wean 31 (69%) 8 (67%) 11 (69%) >0.99

28 d vasopressor-free days, days 18 (0–25) 15 (0–22) 12 (0–23) 0.83

28 d ventilator-free days, days* 6 (0–20) 12 [2–23] 8 (0–18) 0.44

Mortality rate

Total 36 12 14

14-day mortality 12 (27%) 4 (33%) 5 (31%) >0.99

28-day mortality 18 (40%) 4 (33%) 7 (44%) 0.71

In-hospital mortality 21 (47%) 4 (33%) 9 (56%) 0.23

Data are presented as the median (interquartile range) or number (percentage) of patients. *, patients with mechanical ventilation.

Table 4 Serum glucose and potassium monitoring

Variable
Hypodynamic (n=12) Non-hypodynamic (n=16)

Baseline Day 2 Day 3 Baseline Day 2 Day 3

Glucose, mg/dL 228 [160–298] 194 [153–240] 175 [142–191] 194 [132–256] 189 [143–226] 154 [116–167]*

Potassium, mEq/L 4.2 (3.3–4.5) 4.2 (3.6–4.5) 4.2 (3.9–4.7) 3.9 (3.5–4.3) 4.1 (3.6–4.4) 4.6 (3.7–5.1)†

Data are presented as the median (interquartile range). *, P<0.05, day 2 vs. day 3; †, P<0.01, day 2 vs. day 3.
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from 4.1 (3.6–4.4) mEq/L on day 2 to 4.6 (3.7–5.1) mEq/L  
on day 3 was found in the non-hypodynamic group, 
although serum potassium levels were within the normal 
range (≤5.5 mEq/L).

Discussion

The present study showed that GIK increased MAP 
and tended to decrease HR in the hypodynamic group, 
compared with the non-hypodynamic group. Also, the 
insulin dose of GIK was closely related to hemodynamic 
outcomes in patients in the hypodynamic group. These 
results may explain the possible role of GIK in septic 
myocardial depression. GIK was well tolerated by all study 
patients, with minimal adverse drug reactions that did not 
mandate discontinuation. To our knowledge, this study is 
the first to evaluate the effects of GIK infusion in patients 
with septic shock.

In addition to myocardial ischemia, myocardial 
depression is also an important feature in septic shock. 
Myocardial depressant factors such as TNF-α, IL-1β, and 
nitric oxide (24-26) and ineffective metabolism by increased 
free fatty acids (27) may contribute to septic myocardial 
depression. Insulin appears to suppress the secretion and 
antagonize the harmful effects of TNF-α, macrophage 
migration inhibitory factor, and superoxide anion (28-30)  
and increase anti-inflammatory signal transduction (31-33).  
Furthermore, insulin has been found to suppress free 
fatty acids and increase the utilization of glucose, 
providing an efficient energy source (34,35). Due to the 
anti-inflammatory and metabolic effects of insulin, in 
combination with providing glucose to the myocardium, 
GIK appears to be a useful approach in septic shock patients 
with myocardial depression.

Experimental studies have been performed to support 
the use of GIK in septic shock, although the primary 
mechanism through insulin improves cardiac performance 
in septic shock is inconsistent among studies (36,37). 
Several clinical studies have addressed the use of GIK 
in patients with septic myocardial depression (11-13). 
However, in these studies, the effects of GIK in improving 
hemodynamics have not been fully evaluated. The beneficial 
effects of GIK therapy have been demonstrated to be 
greater when insulin was administered at a high dose during 
reperfusion (38,39). In the present study, the total insulin 
dose in GIK correlated with the improvement of MAP and 
cardiovascular SOFA scores in the hypodynamic group, but 

not in the non-hypodynamic group. The findings presented 
here suggest that GIK may be effective in septic shock 
exacerbated by a reduced cardiac output such as septic 
myocardial depression, and that the dosage of insulin may 
be important in this situation. Previous GIK studies in 
septic shock (11-13) have shown a temporary reduction in 
vasopressor infusion with short-term GIK infusion (within 
30 minutes in two of three studies), and a mortality rate 
as high as 73–100% has been reported. In this study, the 
median duration of GIK infusion was approximately 3 days, 
and the percentage of patients that survived to hospital 
discharge was 67% in the hypodynamic group (non-
hypodynamic group: 44%). Despite recent advances in 
the treatment of sepsis and septic shock, these preliminary 
findings are of great interest, and further studies are 
required to define the optimal duration of GIK therapy in 
septic shock.

The present study has several limitations. First, this 
study was a descriptive analysis of GIK therapy in septic 
shock patients without a control group. It is likely that 
the response to standard therapy for septic shock, such 
as fluid resuscitation, appropriate antibiotic therapy, and 
early infection control (15), may have partially resulted 
in an improvement in hemodynamics or other outcomes. 
Second, a substantial proportion of patients (12/45, 27%) 
were excluded from the primary analysis because of the lack 
of an echocardiogram. Inclusion of these patients may have 
influenced the outcomes of both patient groups in this study. 
Third, GIK therapy may have been less effective in the 
present study due to the time delay in GIK infusion (median 
duration from the onset of shock to GIK infusion, 14 h)  
and relatively low insulin dose (median total insulin dose at 
72 h, 142 U/L). Hence, our results cannot be considered 
conclusive. Prospective controlled studies with standardized 
protocols of GIK therapy including dosage and timing are 
required.

In conclusion, the present study demonstrated that GIK 
therapy was related to short-term hemodynamic improvement 
in septic shock patients with myocardial depression. The 
use of GIK was well tolerated with minimal adverse drug 
reactions. Further studies are required to demonstrate the 
role of GIK in septic myocardial dysfunction.
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Supplementary

Table S1 Clinical characteristics including echocardiographic findings of 12 patients with hypodynamic septic shock

Case No. Age/gender Comorbidity Inotropic score VDI/mmHg Echocardiographic findings Echo improved Vasopressor wean 28-day mortality

5 41/F Acute leukemia 20 2.5 Mild LV dysfunction No No Yes

7 16/F Ulcerative colitis 2 0.3 Severe LV dysfunction No No Yes

10 70/F HTN, LC, hepatocellular CA 24 4.8 RV dysfunction with RV enlargement No No Yes

11 54/F Stevens-Johnson syndrome 65 14.1 Severe LV dysfunction Yes Yes No

12 66/M Supraglottic CA 40 6.1 Severe biventricular dysfunction Yes Yes No

30 88/M DM, HTN 32 3.9 Severe LV dysfunction No No Yes

33 36/F Acute leukemia 16 2.3 Severe biventricular dysfunction Yes Yes No

36 67/M DM, HTN, CKD 77 14.5 RV dysfunction with RV enlargement Yes Yes No

38 53/F SLE 12 1.8 Moderate LV dysfunction Yes Yes No

39 66/M Plasma cell leukemia 36 5.2 Severe LV dysfunction, mild RV dysfunction Yes Yes No

44 48/F DM, acute leukemia 81 10.3 Severe LV dysfunction, RV dysfunction Yes Yes No

45 56/M HTN 49 5.9 RV dysfunction with RV enlargement Yes Yes No

VDI, vasopressor dependency index; LV, left ventricular; HTN, hypertension; LC, liver cirrhosis; CA, cancer; RV, right ventricular; DM, diabetes mellitus; CKD, chronic kidney disease; SLE, systemic lupus erythematosus.


